Introduction
Cryopreservation of germ cells in avian species conserves genetic material for future poultry improvement and is an aid in preserving endangered species. In chickens, cryopreservation of spermatozoa has already been achieved (Lake and Stewart, 1978) , but fertilized ova cannot be preserved in the same way because of their large size and yolk-laden structure. So far, it has not been possible to preserve female genetic material from chickens. Cryopreservation of primordial germ cells (PGCs), which are progenitors of eggs and spermatozoa, provides an alternative way of conserving both male and female genetic material; the cryopreserved PGCs could give rise to viable offspring via germline chimaeric chickens. Avian PGCs have a unique pathway of migration in the early embryo. They originate in the epiblast and appear in the germinal crescent region of the primitive streak. They then circulate temporarily within the whole embryo through the bloodstream and finally colonize into germinal ridges (Kuwana, 1993) . After that they differentiate into eggs or spermatozoa.
Although avian somatic and germline chimaeras have been produced by transferring freshly collected blastodermal cells (Petitte et al, 1990; Brazolot et al, 1991; Naito et al, 1991; Watanabe et al, 1992; Carsience et al, 1993) or frozen-thawed blastodermal cells Petitte et al, 1993) , viable offspring derived from frozen-thawed blastodermal cells have not been obtained from the chimaeras. Recently, germline chimaeric chickens have been produced by transferring PGCs isolated from early embryonic blood (Yasuda et al, 1992; Tajima et al, 1993) or germinal crescents (Vick et al, 1993a, b) , and these have given rise to viable offspring. In addition a high transmission rate (up to 96%) of donor PGCs in the germline chimaeras has successfully been achieved by increasing the number of injected PGCs and by partially sterilizing recipient embryos (Naito et al, 1994) . Now (Yasuda et al, 1992) . The PGCs were concentrated by Ficoll density gradient centrifugation (Yasuda et al, 1992 (Freshney, 1987 
Preparation of recipient embryos
Embryos were cultured in small recipient eggshells (system II), as described by Naito et al (1990 Naito et al ( , 1994 (Naito et al, 1994 ). The injected embryos were then transferred into large recipient eggshells and cultured until hatching (Rowlett and Simkiss, 1987; Perry, 1988; Naito et al, 1990 The freezing procedure used for blastodermal cells ) could be applied to PGCs collected from early embryonic blood. The successfully recovered frozen-thawed PGCs were viable and appeared to be of normal morphology, and they retained the ability to migrate into the gonadal anläge due to attraction by a chemotactic factor (Kuwana et al, 1986) after being injected into the bloodstream of recipient embryos. In the present experiment, the number of PGCs injected was half that used in a previous experiment (Naito et al, 1994) . As a result, the average frequency of obtaining donor-derived offspring from five male WL(BPR) chickens was 10%, which was about half that obtained from six male WL(BPR) chickens in the previous study (23%, Naito et al, 1994) . The efficiency of germline transmission and proliferation rate of frozen-thawed PGCs in recipient gonads seems therefore to be similar to that of freshly collected PGCs. However, BPR(WL) chickens tended to produce donor-derived offspring more frequently than did WL(BPR) chickens, which has also been shown previously (Naito et al, 1994) (Tajima et al, 1993; Naito et al, 1994) . Although the ratio did not deviate from 3:4 in male germline chimaeras, the pooled male:female ratio of the donorderived offspring is 837:855 from the data of the present experiment and our previous results (Tajima et al, 1993; Naito et al, 1994) 
